In an emergency department (ED), different diagnostic imaging investigations that use ionizing radiation are increasingly used to diagnose a variety of diseases and injuries.[@ref1] In particular, the use of computed tomography (CT) scanning is increasing annually.[@ref2] This imaging modality is associated with greater radiation doses, compared with conventional x-ray imaging.[@ref1]-[@ref3] In an emergency setting, one in 7 patients undergoes CT scanning, which accounts for 25% of all CT scans in the United States of America.[@ref3] Despite the immense benefit of these radiological investigations, there are dose-related risks, especially a risk of developing cancer, given that ionizing radiation is an established carcinogen.[@ref1]-[@ref3] It has been estimated that radiation doses in diagnostic CT's are similar to those delivered to Japanese survivors of atomic bombs, many of whom had a statistically significant increased risk of cancer.[@ref4] Children particularly have a higher lifetime risk of developing cancer, compared with adults, because their growing tissues are more susceptible to ionizing radiation, and they have a longer span of time to develop cancer.[@ref2],[@ref5],[@ref6] Therefore, it is essential for ED doctors who request radiological investigations to know radiation doses and the risks of these requested studies, and to be able to determine whether they are required.[@ref7] In addition, according to the international commission on radiological protection (ICRP) report, knowledge of the health effects of ionizing radiation is of utmost importance.[@ref8]

In Kingdom of Saudi Arabia, insufficient data exist regarding the current level of knowledge among emergency physicians. However, several studies worldwide have demonstrated that doctors working in EDs have inadequate knowledge of the ionizing radiation risks associated with the radiological investigations they order.[@ref1]-[@ref3],[@ref7] In Turkey, Günalp et al,[@ref1] conducted a study in the ED of the Ankara University School of Medicine in Ankara, Turkey, that included 300 interns, resident doctors, and radiographers. It aimed to assess their knowledge of radiation risks and doses used in different imaging modalities. Only 42.1% of the radiation doses delivered by these imaging modalities were estimated correctly. A large proportion of participants underestimated the doses and risks associated with the imaging modalities. Another study by Keijzers et al,[@ref2] which was conducted in the EDs of 2 hospitals in Queensland, Australia, investigated 97 emergency doctors' understanding of radiation risks. Their overall knowledge score was 40%. There was no significant difference between the senior doctors' score (42%) and the junior doctors' scores (39%). In addition, 78% of the doctors underestimated the lifetime risk of fatal cancer attributed to a single abdominal CT scan.[@ref2] In previous studies, it is vitally important to gain an insight into the current level of knowledge about ionizing radiation doses and risks among physicians in Kingdom of Saudi Arabia, and to implement measures to address any lack of knowledge. The aim of this study was to assess the knowledge of radiation doses and risks among doctors working in EDs in the city of Jeddah, Kingdom of Saudi Arabia, and to suggest measures by which this knowledge, if insufficient, could be improved.

Methods {#sec1-2}
=======

In this prospective observational study, a validated questionnaire was distributed to all emergency doctors and doctors from other specialties who were on rotation in the ED and who agreed to participate in our study. This study included 8 different secondary care hospitals, tertiary care hospitals, and university hospitals in Jeddah, Kingdom of Saudi Arabia. These hospitals were selected because of the flow of patients and the availability of CT and magnetic resonance imaging (MRI) scans. The questionnaire was distributed over a 2-month period from June-August 2017. These hospitals included public and private hospitals. On distributing the questionnaires, participants were asked to anonymously complete the questionnaires immediately and return them after completing them so they would not have the time to search for correct answers through an internet search. They were also asked to remain in the room until they completed all answers. There was no time limit during which they had to complete the questionnaire. The paper questionnaires were distributed after obtaining ethical approval from the research ethics committee of the faculty of medicine, King Abdulaziz University in Jeddah, Kingdom of Saudi Arabia. Participation was entirely voluntary.

Questionnaire {#sec2-1}
-------------

We used a validated questionnaire obtained from the Günalp et al,[@ref1] study. As in our study, the Günalp study focused on assessing physicians' knowledge of radiation doses and radiation risks in children and adults. The questionnaire comprised 18 questions and had 3 parts. The first part obtained information about the participants' demographics. It included questions about their specialty; level of training, which was resident doctor (namely, "trainee doctor"), board-certified specialist, or consultant; and whether they had formal training on radiation protection. We also asked questions regarding the average number of patients seen within an 8-hour ED shift and the average number of CT/X-ray examinations ordered within an 8-hour ED shift. The second part tested the participants' knowledge of ionizing radiation doses associated with different radiological investigations. We asked the participants to estimate the radiation dose associated with 7 radiological modalities that use ionizing radiation and 2 modalities that do not use ionizing radiation (namely, ultrasonography \[US\] and MRI). The effective doses of radiation associated with various imaging modalities and the equivalent number of chest X-ray scans that release the same doses are presented in **[Appendix 1](#App1){ref-type="app"}**. Participants had to choose the range of equivalent number of chest X-ray scans that was considered acceptable. We obtained correct answers to these questions from the united nations scientific committee on the effects of atomic radiation (UNSCEAR) report.[@ref9] In the third part of the questionnaire, the respondents' knowledge was evaluated regarding the lifetime risk of cancer due to ionizing radiation, their knowledge regarding the selection of imaging modalities for pregnant patients, and their knowledge about the risks to the fetus. We asked the participants whether they would inform their patients about the risks of radiation before undergoing a procedure.

Statistical analysis {#sec2-2}
--------------------

We used the Chi-square test to evaluate categorical variables, while continuous variables were evaluated using both the independent t-test and one-way analysis of variance test. Differences with *p*-values≤0.05 were considered statistically significant. We analyzed the data using statistical package for the social sciences (SPSS), version 23 (IBM Corp., Armonk, NY, USA).

Results {#sec1-3}
=======

One hundred seventy-one doctors completed the questionnaire. Most 58% respondents were emergency physicians, and most 64% of the 171 doctors were resident doctors. Only approximately 20% of the participants had received formal training on radiation protection. The characteristics of the participants are described in **[Table 1](#T1){ref-type="table"}**. The mean±standard deviation (SD) of patients they saw in a typical 8-hour ED shift was 26±35 patients, and the mean±SD of CT/x-ray orders they requested in a typical 8-hour shift was 8±7.

###### 

Demographic and characteristics of 171 participants.
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The overall average correct dose estimation rate was 20.8%, whereas the overall dose-underestimation rate was 28.6% and the dose-overestimation rates was10%. However, most participants answered "I don't know" (40.6%). The numbers and percentages of correct answers, underestimations, overestimations and "I don't know" answers for each imaging modality separately are shown in **[Table 2](#T2){ref-type="table"}**.

###### 

Estimations of radiation doses used in various imaging modalities.
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Consultants were significantly more knowledgeable than specialists and residents, and had an overall correct answer rate of 32.4%, compared with 22% for specialists and 18.3% for residents (*p*=0.007). **[Figure 1](#F1){ref-type="fig"}** shows the overall correct dose estimation rate for the different specialties. Emergency physicians estimated the doses significantly more correctly than the doctors from other specialties (*p*=0.05). The emergency physicians' correct answer rate was 50.8%. By contrast, there was no significant statistical difference in correct dose estimation between doctors who received formal training on radiation protection (25.2%) and doctors who did not receive this training (19.7%; *p*=0.065).

![The correct dose estimation rate by specialty.](SaudiMedJ-39-1130-g003){#F1}

**[Table 3](#T3){ref-type="table"}** presents the participants' answers to questions assessing their knowledge of the risks of radiation. Thirty-nine percent of the doctors correctly answered that a one-time abdominal CT in childhood increases the lifetime risk of developing cancer. We asked participants whether they notified their patients about the potential adverse effects of radiation before ordering the examination, and 63% answered "yes". With regard to their behavior when ordering a diagnostic radiological exam for a pregnant patient, 33% of doctors correctly answered that they observed the pros and cons of such an examination, notified the patient about the potential outcomes, and requested that a lead vest be worn by the patient. With regard to the question assessing their knowledge about the risk of radiation for fetus, 37% of doctors correctly answered that the study with the lowest risk for the fetus is the chest CT scan, as opposed to lumbar and abdominal x-ray and pelvic and abdominal CT scans.

###### 

Answers to questions assessing knowledge of radiation risks (N=171).
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Consultants (57%) answered the question about the lifetime risk of cancer due to ionizing radiation significantly more correctly than specialists (36.8%) and residents (35.9%) (*p*=0.05). However, specialists (47.4%) were more knowledgeable about the risk of imaging on a fetus than were consultants (28.6%) and residents (34.3%) (*p*=0.05). However, there was no statistically significant difference between them in their answers to questions about informing their patients about the risks of radiation (*p*=0.985) and their behavior in the selection of imaging modalities for pregnant patients (*p*=0.11) (**[Figure 2](#F2){ref-type="fig"}**). Doctors who had formal training on radiation protection were significantly more knowledgeable about the lifetime risk of cancer due to ionizing radiation (*p*=0.028) and the risk of imaging on fetus (*p*=0.024). They were also more likely to notify patients about the risks of radiation (*p*=0.03). There was no difference between their behavior and the behavior of doctors who did not have formal training on radiation protection in the selection of imaging modalities for pregnant patients (**[Figure 3](#F3){ref-type="fig"}**).

![Correct answer rate for questions assessing knowledge of risks by level of training.](SaudiMedJ-39-1130-g005){#F2}

![The correct answer rate for questions assessing knowledge of risks, based on whether physicians had or had not received formal training on radiation protection.](SaudiMedJ-39-1130-g006){#F3}

Discussion {#sec1-4}
==========

The aim of this study was to assess the knowledge of radiation doses and risks among doctors working in the Emergency departments in the city of Jeddah, Kingdom of Saudi Arabia. Emergency department doctors are required to have adequate knowledge because radiological investigations using ionizing radiation are increasingly used in the ED. In our study, the level of knowledge varied among participants, although we found that doctors working in an ED generally had a poor knowledge of radiation doses used in different imaging modalities and the risks associated with the imaging modalities. The average overall correct dose estimation rate was 20.8%, which indicates that only one-fifth of the doses estimated by the participants were correct. Overall, doctors underestimated doses (28.6%) more than they correctly estimated them or overestimated them. They also underestimated the risk of radiation. Both of these factors could result in an increased number of unnecessary investigations. This observation is consistent with findings in the existing literature which indicated that ED doctors were more likely to order radiological investigations because they were unaware of the doses and risks.[@ref1],[@ref2],[@ref7] However, in our study, most doctors preferred to answer "I don't know" instead of randomly guessing the correct doses, which may be a good sign that they realize their lack of knowledge and hence the necessity of receiving radiation protection training.

It was surprising to find that 55% of respondents were unaware that US has no ionizing radiation and 67% of respondents were unaware that MRI has also no ionizing radiation.

These percentages were significantly higher than those observed in other studies.[@ref1],[@ref2],[@ref5],[@ref7],[@ref10] Our finding could be the result of the lack of radiation protection training because 80% of the participants in our study had no training. However, there was no significant difference in the overall dose estimation rate between these participants and those who had undergone training, particularly in US (*p*=0.4) and MRI dose estimation (*p*=0.3). Consultants were more knowledgeable about radiation doses and lifetime cancer risk than were specialists and residents. This finding indicated that experience has a role in knowledge about radiation doses and risks. This statement is supported by evidence from a study conducted in Malaysia in which doctors who had 7 years or more of work experience answered more correctly than did doctors who had practiced less than 7 years (*p*\<0.05).[@ref10] By contrast, another study, which included 14 hospitals in Australia, showed a strong inverse relationship between years of experience and knowledge of radiation doses and risks: doctors with more than 15 years of experience were more likely to incorrectly estimate doses and recognize the risks.[@ref11] This finding was attributed to senior doctors possibly using an older convention (namely, frontal and lateral chest x-ray views) to calculate relative doses, as opposed to the current convention of using a single frontal chest x-ray image. Emergency physicians had a higher correct dose estimation rate than did physicians from other specialties, whereas pediatricians had a relatively lower rate. This observation is similar to that described in a study by Brown et al.[@ref12] This finding is alarming because pediatric patients have an increased sensitivity to radiation; therefore, pediatricians should particularly have a high level of knowledge about radiation doses and their effects.

Overall, 63.1% of respondents reported discussing the potential risks of radiation exposure with patients before ordering an examination; this proportion is higher than those reported in previous studies.[@ref1],[@ref6] However, we believe this percentage should be higher, and doctors should be more keen on empowering patients to allow them to make informed choices about their healthcare needs. In addition, discussing risks with parents improves parental perception of radiation-induced risk and reduces parental refusal of investigations requested by their physicians.[@ref13] Physicians who do not discuss risks with patients could argue that, in an emergency setting, the need for radiological investigations is mostly clear, and they only discuss the risks when the reason for an examination is borderline or questionable. Doctors who had radiation protection training answered 3 of 4 questions related to radiation risks significantly more correctly than those who did not have training. This finding may emphasize the significance of training. Despite this training, their level of knowledge remains inadequate.

To overcome this lack of knowledge, several measures can be taken. First, mandatory curricula on the effects and risks of radiation should be implemented early in medical schools. Graduates should then be mandated to take such courses regularly to be up to date regarding this matter. Furthermore, establishing a collaboration between EDs and radiology departments to create local protocols for when to order radiological investigations and what to order is one method that can increase the awareness among emergency doctors and decrease unnecessary investigations. It has also been suggested that providing radiation doses and risks on the imaging order form would allow the ordering doctor to consider discussing risks with patients.[@ref14] Mandating doctors to sign that they have informed patients about the risks of an examination and that the patients gave consent could also be beneficial. Including a patient's total accumulated dose of radiation on the formal radiology report, which is already practiced in several United Kingdom hospitals.[@ref15] It would be a good educational tool for readers, as well as a reminder not to subject patients to unnecessary doses of radiation. It is important to mention that the utilization of dose monitoring software and the establishment of diagnostic reference levels (DRLs) helped in acquiring data on patients' radiation exposure for benchmarking and further dose reduction.[@ref16] Reference guidelines were jointly created by the American college of radiology (ACR), American association of physicists in medicine (AAPM), and national council on radiation protection and measurements (NCRP). The Bonn Call for Action, which is a joint statement by the world health organization (WHO) and the international atomic energy association (IAEA), also emphasizes the importance of DRLs as a mean to decrease unnecessary exposure to patients and to raise awareness among healthcare professionals.[@ref17] Several other publications have also concluded the same.[@ref18],[@ref19] In Kingdom of Saudi Arabia, the Saudi food and drug authority (SFDA), which is the regulatory body for diagnostic imaging facilities, published new policies and regulations in 2017 that adhere to the Bonn Call for action.[@ref20] However, the development of a national diagnostic reference level (NDRL) is necessary. Therefore, the national radiation protection committee, was established and the NDRL project was started. This project will hopefully further aid in dose optimization and increase the awareness among healthcare workers.

Study limitations {#sec2-3}
-----------------

The main limitation is that the study included more junior doctors than senior doctors. It is possible that this factor led to the poorer overall level of knowledge. In addition, the number of respondents from individual specialties other than emergency medicine was small, which could have resulted in responses that were not representative of the specialty. The small number of representatives from private hospitals and secondary care hospitals is the reason we did not compare the performance of doctors working in the ED of secondary care hospitals with that of doctors working in tertiary care hospitals, or compare the performance of ED doctors working in private hospitals with that of doctors working in public hospitals. In our study, we evaluated knowledge by asking participants to quantitatively estimate doses, whereas Krille et al,[@ref5] in their systemic review reported that knowledge about the radiation doses did not necessarily imply fewer CT requests by doctors. Krille also recommended that it could be more appropriate to assess knowledge by asking about primary examinations and giving specific case scenarios.[@ref5] However, there are dose-related risks with radiological investigations; hence, doctors must be aware of the doses and attempt to decrease performing unnecessary studies. Future large-scale studies should be conducted to examine whether knowledge of CT and x-ray doses actually decreases the number of radiological investigations orders using ionizing radiation.

In conclusion, The value of CT and x-ray imaging in patient care is undisputed. However, it should always be borne in mind the various risks resulting from such examinations. In addition, radiological investigations should only be used when the benefit outweighs the risk. This study demonstrated that doctors working in an ED had poor knowledge about the radiation doses received by their patients, and poor knowledge about the risks associated with the radiation exposure. This issue warrants attention considering the increasing use of radiological investigations. Several measures that may aid in increasing their level of knowledge and decreasing the number of unnecessary studies have been proposed. These measures include implementing radiation protection curricula early in medical schools, mandating regular radiation protection training for doctors, creating local protocols for ordering examinations, and including patient's accumulated doses of radiation on the formal radiology report.
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Effective doses of radiation for different radiological modalities compared to chest x-ray and the range of knowledge on doses received by patients that were considered acceptable.\*
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